. The mechanism of action of 2-ME has, in particular, been the focus of many reports suggesting that 2-ME exerts its effects primarily by increasing the intracellular levels of GSH and mixed disulfides (5-7 In this report, we compare the effects of 2-ME with those of GSH on 2C3 cells that represent a homogeneous blast cell population. Attempts to induce differentiation of 2C3 cells using mitogens such as 10 g/ml LPS and 1% (v/v) DMSO were also unsuccessful.
MATERIALS AND METHODS

B Cell tumor model
The lack of responsiveness of 2C3 to LPS suggests that this B cell blast is devoid of mitogen receptors.
Proliferation of 2C3 in the presence or absence of thiol compounds
In view of the reports that low molecular weight thiol compounds can enhance responses of lymphocytes to mitogenic stimuli (3, 4), and that 2-ME itself is capable of acting as a mitogen in vitro (19), it was of interest to determine if exposure to the thiols 2-ME and GSH would activate 2C3 cells. For this purpose, 2C3 cells were grown in the presence of 2-ME (5 x 10-i M), GSH (5 x 10 M), and GSH + 2-ME (concentrations of both substances were kept the same as in assays with individual thiols). The cells were then harvested and counted microscopically at intervals of 3 h over a 24 h period and the doubling time was calculated for each treatment ( Table 1 ). The data reveal that 2-ME at 5 x 10 M in culture medium significantly prolonged the doubling time, whereas extracellular GSH at a concentration of 5 x 10 M M 2-ME or 5 x 10 M GSH. Another group was set up containing 5 x 10-i M 2-ME + 5 x 10 M GSH. The control consisted of 2C3 cells grown in medium without any thiol. The cells were harvested every 3 h for 24 h and checked for viability and cell counts. The cell lysates were then prepared and used for determination of total glutathione (GSH/GSSG) content by methods described in Materials and Methods. Data represent results of three 3004
Vol. 6
August 1992
The FASEB Journal MATFINGLY ET AL. a light microscope (data not shown). Furthermore, the electron micrographs of 2C3 cells exposed to GSH, 2-ME, or GSH plus 2-ME reveal that 2-ME-treated cells (Fig. 6c) 6a, b, d ). The treatment with GSH, on the other hand, produced multilobed nuclei with less prominent endoplasmic reticulum or an increase in cytoplasmic volume (Fig. 6b) Furthermore, the effects of 2-ME but not of GSH are inreversible, and it is the treatment with 2-ME but not with cxmean ± SD of triplicate.
ogenous GSH that leads to a significant rise in intracellular GSH. Contrary to this, the effects observed after exposure of ments for energy.
However, in the presence of both GSH and 2-ME, the morphology of 2C3 resembled the untreated control cells, exhibiting euchromatic nucleus and little or-2C3 to exogenous GSH include greatly augmented cell doubling time and increased rate of proliferation. Interestingly, the simultaneous presence of 2-ME and GSH prevents ganized endoplasmic reticulum in the cytoplasm (Fig. 6a, d ).
4000
This lends further support to our contention that although the two thiols may have diverse and unrelated effects on cell growth and differentiation, at least one major cellular event mediated by them involves a common regulatory pathway.
Reversibility of the effects of thiols
To ascertain if the changes in 2C3 cells brought about by exposure to thiols are reversible or not, 2C3 cells were exposed to 2-ME, GSH, or both for 9 h, followed by transfer into regular media without the thiols for an additional 9, 12, and 24 h. The levels of Ig secretion and the number of cell were determined as previously described. Figure  7 demonstrates that the level of Ig secretion by 2C3 exposed to 2-ME did not revert to the control level even after removal of 2-ME.
Similar experiments
with GSH, however, registered no difference from the control values in either Ig secretion or the rate of proliferation (data not shown). Thus, the treatment with 2-ME seems to cause irreversible changes in the phenotype of 2C3 cells, as would be the case during differentiation of B cells into plasma cells. In this study we have demonstrated that Ig production by a B cell line 2C3 can be markedly enhanced by incorporation of 2-ME but not GSH into the culture medium.
The increased secretion of immunoglobulin is a specialized function of a differentiated B cell after its transformation into plasma cells, and it appears that 2-ME does increase this Igsecretory function of 2C3 cells in the absence of mitogens. Figure 7 . The effect of 2-ME is not reversible after initial exposure to 2-ME.
2C3 cells (1 x 106) were exposed to 5 x 10-s 2-ME for 9 h. At 
